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An investigation  to  determine the a l t i t u d e  performance  char8c- 

3 
E 

teristics of t he  Y J 7 3 - a - 3  turbojet  engine was conducted in an 
a l t i t ude  chamber of the  NACA Lewis Laboratory. The engine was 
equipped with variable i n l e t  guide  me^. The cmgonent performance 
was determined at  two positions of the inlet guide vanes over a 
range of engFne  speed^, exhaust-nozzle amas, and flight cmdit ians .  
The range of flight conditions covered corresponds t o  a variation 
in compressor  Reynolds number index frcen 0.96 t o  0.12. z 

r A reduction in Reynolds number index over  approximately the 
range indicated  resulted i n .  a decrease in the corrected air flow of . 

% percent and in cmpressor  efficiency.of 6 percent. By operatlng 
the englne with the inlet guide vanes closea,  the comrpressor Steady- 
s t a t e  performance was improved a t  corrected engine speeds below 
6300 rpm.  For example, a t  a corrected engine speed of 5600 rpm, the 
compressor eff iciencg was raised fkom 0.73 t o  0.82 as the inlet guide 
vmes were moved fram t h e  open t o  the closed  position. A t  rated 
engine  conditfnns a t  a flight Mach number of 0.8, the cmbustion 
efficiency varied fkwm 0.98 t o  0.96 a8 altitude was varied fram sea 
level t o  55,000 feet. Within the range of this investigation, 

t i o n  is due t o  the effect of turbine-inlet  Reynolds nuniber, while 
the  remaining half is due t o  changes in the turbine  operating  point. 

1 

' turbine  efficiency  varied  about 4 percent. About half this wria- 

An investigation t o  determine  the  alt i tude perPomnance and 
operational  characterist ics of the YJ73-a-3 tu rboje t  -e was 
conducted in an a l t i t u d e  Chamber of the WCA Lewis laboratom. b 

in the engine was obtalned and is preeented  herein. The engine 
discussed hereln is the production  version of t h e  573 and is 

.9 part of this investigation,  the performeace of the ccmpanents operating 

w 
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equipped with variable i n l e t  guide_.vanes t o  avoid compressor s u r e  dur-. " " 

shown for  operating  conditions  that  occur  over a . . r q g e  of engine 8peed.s 
a t  four f ixed  exhaust-nozzle areas with the  i n l e t  guide vanes i n  both 
the open amd closed  positipns.  Simulated  flight  conditions  varied f r o m  
a l t i tudes  of approximately  sea  level t o  55,000 f ee t  and f l i g h t  Mach 
numbers from zero  to  1..2 (corresponding t o  a. Reynolds number index 
range from 0.96 t o  0.12). All data w e r e  taken with- the : inlet  screens 
retracted.  

ing  acceleration a t  l o w  engine speed: The  component performance is  .. 
c . -  

. .. 

Ins ta l la t ion  and Instrumentation 

The altitude-chamber test section in which the. engine was 
instal led is 14 f e e t  in diameter and 20 f e e t  long (fig. 1). A photo- 
graph of the  engine  installed in  the  test  chamber i g  shown in figure 
2. The platform og which the  engine was r ig id ly  mounted is connected 
by a linkage t o  a balance-pressure diaphragm f o r  meamring engine 
th rus t .  A honeycomb is ins ta l led  in the chamber upstream of t h e . t e s t  
s ec t ion   t o  straighten and frmooth the  flow of the  Falet air. The 
f ront  bulkhead,  whichlncorporates a Labyrinth seal around the  forward 
end of the engine, prevents  the flow of cmbustion a i r  d i rec t ly   in to  
the  engine cmpartment and exhanst system  and provides a means of 
maintaining a p e m u r e  difference  across the engine. A bellmouth 
cowl was instal led on t he  front bulkhead Juet ahead of the engine t o  
obtaln a amooth flaw of air into the compressor. 

A i r  supplied t o   t h e  inlet section of the alt i tude chamber can be 
e i the r  heated  or  refrigerated.  Eihaust  gases from the Jet nozzle pass 
through an exhaust section, a primary  cooler, an exhaust header, and a- 
secondary  cooler  before entering the exhauster system. The inlet and 
exhaust pressure  controls were designed t o  automatically maintain 
constant  the desired ram pressure r a t i o  and exhamt pressure. 

The location of the. instrumentation  stations  throughout the englne 
is shown in the cross-sectional  sketch of figure 3. Aleo shown on 
this figure is 8 tab le  giving the number of pressure tubes, wall static 
or i f ices ,  and thermocouples a t  each s ta t ion.  A l l  pressures were 
measured by meane of alkazene or  mercury manometers and were photo- 
graphically  recorded.. Tempersturea were measured with  iron-conetantan 
and chromel-alumel thermocouples and were recorded by ee l fba lanc ing  
potent imeters .  wine speed was measured by a chronometric  tachometer 
and fuel flow  by means of a calibrated  rotameter. 
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At stat ic  sea-level conditians t h e  Y J 7 3 a - 3  turbojet engine 
has the following mtinge: 

Military Rormsl  

w i n e  s p e d ,  rm 7615 7950 

Exhaust-gas temperature, 9 

Specific fuel consunrption, 

7840 8920 Thrust, Lb (screens retracted) 

1085 1185 

lb/(hr) ( lb thrust) 0.887 0.917 

Compressor-outlet leakage and bleed a i r  are used t o  provide a balance 
piston force at  the f2mt of the ccmrpressor and- t o  c o o l  the tyrbine 
disks and the  first-stage  turbine  stator. This air  is eventually 
returned t o  the main air  stream before it passes through the e" 
nozzle. 

The standard fwd-area conical -ut nozzle has a n e 1  
diameter of 21 inches. T h i s  nozzle was sized t o  give limiting 
exhaust-gas temperature a t  rated engine epeed at s ta t ic  sea-level 
conditions. In addition,  three larger exhaust nozzles were also 
installed on the engine during the program. The largest e m u &  
nozzle used had 871 exit   area  elight~y larger than the turbhe-outlet 
area. 

Cmpreasor 

The 12-stage mal-fhw compre~scr is shown in figme 4(a). The 
2 1  variable W e t  guide vanes rotate slrmxltaneously through an angle 
of 30° from the open t o  the closed position. In the open position, 
the angles between the engine center line and a line tangent t o  the 
leading and trail ing edges of the guide-- airfoil sectims at the 
root and the t i p  are 0' and 13O, reepectively. The inlet guiae vmes 
change posi t ion a t  an engine speed of 6800 rpm, going from the closed 
t o  the open position a8 speed is increased. The rate at vhich th i s  
change is  made is Independent of engine characteristfcs. 

The significant compressor design psrameters are: 

Blade-tip diameter (canstant), in. . . . . . . . . . . . . . . .  32" 
First stage . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
Last stage . . . . . . . . . . . . . . . . . . . . . . . . .  0.88 

Rotor hub-tip radius  ratio 8 
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At an engine speed of 7950 rp and cmpressdr pressure ... ratio of 7.0 
( s t a t i c  sea level), 

. .  

A i r  flow, lb/sec . . . . . . . . . . . . . . . . . . . . . . .  '143 
A i r  flow per sq f t of frontal  arbs . . . . . . . . . . . . . . . . . . . . .  25.4 

Compressor efficiency . . . . . . . . . . . . . . . . . . . . .  '0.81 
Compressor-inlet t i p  Mach number . . . . . . . . . . . . . . .  0.997 

Cmbustor 

The combustor used i n   t h i s  engine is of the  cannular type, 
consisting of an annul.= space  containing 10 can-type liners (fig. 4 ( b ) )  
that are connected to   the   tu rb ine- in le t  snnulus by transition sectlane. 
Two spark-plug-type ignitors,  located in  liners diametrically oppoeite, 
are employed f o r  engine starting. Large e l l i p t i c a l  crose-over tubes 
between liners are used to f a c i l i t a t e  flame propagation  during  high- 
a l t i tude   s ta r t ing .  Fuel is supplied t o  a dual-elwent fuel nozzle 
in each combustor primary zone. A fuel-flar aivider ahead of the f'uel 
nozzles determines  the  divisim of the  fuel t o  the amall and large 
or i f ices  of each f u e l  n a z l e .  . .  

. . - " . 
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The maxlrmun combustor flaw area, iifiich is an amula r  area, is 
5.3 square feet and results at rated condTtians in an average reference 
velocity of about-95 f e e t p e r  second in  the cambuetor primary zone. 

Tur'b ine 

The two-stage axial-flow turbine  rotor l e  shown in figure 4 (c) . 
The significant turbine  design  parameters are: 

Blade-tip  diameter, in. 
Fir& stage . . . . . . . . . . . . .  .- .  . . . . .  .". . . . .  2% 

Second stage 31- 1 

First-stage . . . . . . . . . . . .  : . . . . . . . . . . . . .  0.73 
Second stage . . . . . . . . . . . . . . . . . . . . . . . .  0.64 

Average ;Mia1 t i p  clearance, in. . . . . . . . . . . . . . . . .  0.05 
Ratsd  turbine-irrlet  temperature, OR . . . . . . . . . . . . . .  2020 
Rated corrected  turbine  ~peed, rpm . . . . . . . . . . . . . .  4040 
Design corrocted work, Btu/lb . . . . . . . . . . . . . . . . .  28.5 
Design corrected weight flow, lb/aec . . . . . . . . . . . . . .  42. . .  .. 

. . . . . . . . . . . . . . . . . . . . . . . . .  
Hub-tip radius r a t i o  a 

1 Ek.am manufacturer 'e compressor-rig tes te .  
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The first-stage turbine s t a to r  cmtains internal passages through 
which coollng a i r  f’rcanthe ompressor leakage i s  paesed. The second- 
atage turbine s t s tor  blades iqcreaee in height from lead- t o  trailing 
edge  by an EuIloullt correspmding t o  the previonely mentimed change in 
turbine t i p  diameter between the two stages.  

- 

PROCXDURFI 
w 
G 
4 A temporary limitation in the  refrigeration system o c c ~ e d  

during the period of this  investigatim when most of the data were 
obtained, and thus  the  inlet-sir  temperat~~kes were  confined t o  a 
range between 600 and -200 F. Limited data were taken later when 
It became possible t o  obtain inlet temperatures of  -80° F and below. 
The preponderance of the  data (given in table I) were obtained in 
the  earlier period, and the later data (table 11)  were undertaken 
only t o  &end the data t o  higher values of corrected engine meed. 

- The following table  Indicates  the -8 over whfch the  earlier - data were obtained with f o m  different e m u s t  nozzles: 

Rominal  Average Regnolds N a n i n a l  flight 
pressure number index Mach  number, 

altitude , ft MO 
Sea-level 

.96 0 
0.96 0 

15,000 0.88 0.8 

25,000 0.59 0.8 

35,000 0.58 1.2 
.8 

.40 .8 

.39 

Nominal engine- 

rpm 

5500-7950 
3600-7950 
5500-7950 

5500-7950 

5500-7950 
5500-7950 
4500-7950 

sped range, 

- 
45,000 

Opm 5500-7950 .E .4 
open 5500-7950 0.15 0.8 55,000 

Open 5500-7950 0.24 0.8 

The later  data were taken only at altitudes of 35,000 feet and 
above a t h  the W e t  guide -8s open. Although the flight canditions 
of  these  data correspond t o  the  data listed above, the Reynolds  number 
indices  differ, inaamuch as  these  data were taken a t  a cmsiderably 
lower inlet-alr temperature. 

The fuel used throughout the investigation waa MIL-F-5624A, grade 
JP-4, with  a lower heating value of 18,700 Btu per pound and a hydrogen- 
carbon ratio of 0,168. The symbols and methods of calculation used in 
this report are given in appendixes A and B, respectively. 
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The performance is presented herein f o r  each component over a 

range of operating  conditions as an independent cmpment and a l so  ae 
a component operating in the engine. IIlhe data in th is   repor t  are 
presented for various values of Reynolds number index, no t   a l t i tude  
and Mach number. In order t o  correlate  these data with  f l ight  condi- 
tions, the  variation of Regnolds number index wi th   a l t i tude  and f l i gh t  
Mach number for standam3 HAC4 conditions is shown in f Igme 5. 

Compressor Performance 

PerfcuPlance maps. - The canpressor  performance is preeented  by 
show- lines of canstant  corrected engine speed  (compressor Mach 
number) and C ~ P Z W E S O ~  efficiency on coordinstee of' campressor preesure 
m t i o  and corrected a* flow. Performance maps with ths inlet guide 
vanes in the  closed  position aZ'0 presented in figures 6(a) and (b) at 
the two Reynold8 number indices   for  which complete data were obtained, 
namely, 0.96 and 0.40. Within the  accuracy of the  data,  a given 
corrected engine speed resulted in only one canpreesor  pressur& r a t i o  
for  corrected engine speeds of 6000 r p m  or lower. The peak cmpressor 
efficiency  occmed at a corrected engine speed of6000 rpm and 
decreased fram 0.82 t o  0.79 as Remolds number index decreased f r o m  
0.96 t o  0.40. This sgme change in Reynolds number index had l i t t l e  o r  
no effect on corrected a i r  flow. 

-. . 

With the  inlet guide vane8 in the open position, data were taken 
over a suff ic ient  range of Reynolds number indices to   def ine   c lear ly  
the Reynolds number e f fec t .  Performance is presented In the  compres- 
s o r  map (f ig .   6(c))  a t  Reynolds number index of 0.39 and in figure 7, 
which shows the   var ia t ion of corrected air flow and compressor effi- 
oiency  with Reynolds number index for constant values of corrected 
engine speed and cmpressor preeaure ra t io .  Data at Reynolds nwber 
h d e x  of 0.39 were selected for figure 6(c)  because of the  high  cor- 
rected engine speed data that e r e  available. A peak conipressor 
efficiency of s l igh t ly  over 0.84 ocourred a t  a corrected engine speed 
of about 7100 r p . a n d  a compressor pressure  ra t io  of 5.5. A t  rated 
corrected engine speed, t he  compressor efficiency  decreased t o  0.81 
and the  corrected a i r  flow was about 141 pounds per seoond. Withln 
the range of ezkaust-nozzle areas used to   ob ta in  the data, variation 
in compressor pressure  ratio a t  a given corrected engine speed 
resulted in small changes in compressor efficiency of the  order of 
0.02 or  lass. A t  corrected engine speeds above 7000 rpm, variations 
in pressure  ratdo had l i t t l e  e f fec t  on corrected afr f low; while a t  
epeedB below 7000 rpm, the  coPrected air flaw increased as pressure 
r a t i o  was reduced. 

. .- 
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Ef'fect of Reynolds number. - The effects  of Reynold8 number an 
comDresaor ef'ficiencg and corrected a i r  flow a re  presented in fig- " 
me-7. A careful  exkuination of the data obtained a t  Reynolda number 
wdices  other  than 0.39 has shown these curves t o  be val id   for  open- 
klet-guide-vane qperation a t  all compressor pressure r a t i o s  a t  
corrected engfne speeds of 6800 rpn and above. For a given  corrected 
engine speed m d  cmpressor pressure r a t io ,  t h e  ordinates of figure 7 
give the r a t i o  of t h e  cmpressor efficiency and corrected a i r  flow 

0 4  at any Reynolds number index t o   t h e  canpressor efficiency and corrected 
4 a i r  flaw at  a Reynolds number index of 0.39. Thue, the corrected a i r  

flow and cmpressor  efficiency can be  obtained for a Repolas IltllllS3er 
index of 0.39 (fig. 6(c)) and corrected t o  any desired Reynold8 number 
index (fig. 7 )  within the range  investigated. 

The e f fec t s  of Reynolds number as shorn in figure 7 &re t o  
reduce the compressor e f f i c imcy  about  6 p e r m %  an6 the corrected 
air flow about 41 percent  aa Reynolds number h a e x  18 decreased *am 

2 
I 0.96 to 0.12. The decreases in compressor efficiency m d  corrected 

air flow with Reynolds number index are emall until Reynolds number 
index is reduced  below 0.5. 

Comparison of compressor  performance x l t h  inlet guide vanes In 
open and closed positiona. - A c m p r i s o n  of' t h e  performance w i t h  open 
and closed inlet gulde vanes i s  presented in figure 8 a t  a Reynolds 
number index of 0196. In t h i s  figure, compressor pressure ra t io ,  
efficiency, and corrected air  flm f o r  the rated eihauet-nozzle area 
are shown a s  functions of corrected  engine speed. Also  shown are the 
pressure-ratio stall lines for the two inlet-guide-vane  positims. 
The range of comeoted engine speeds over which the W e t  guide vanes 
w i l l  change posit ion is also indicated. It can r e a d i u  be men that, 
at  low corrected enghe speeds (below 6300 r p ) ,  m improvement in the 
steady-state compressor  performance may be obtained  by  operating with 
the inlet guide m e a ,  In the closed  positim; a t  corrected engine 
speeds above 6300 rpn, the  opposite is true. A t  a corrected eng3ne 
speed of 5600 ~pm, f o r  example, changlng the inlet gnide vanes f r c m  
the open t o  the closed  posi t im  resul ted in no change in pressure 
r a t io ,  an lncrease In corrected air  flaw from 70 t o  72 pounds per 
second, and an increase in compresso?? eff ic iency f r o m  0.73 t o  0.82. 
The surge lines indicate about the same margFn of acgeleration ( in  
terms of pressure r a t i o )  for either guide-vane position.  Consideration 
of the  steady-state performance and surge lines m l d  Indicate that, in 
general, a l m r  swltch-over  speed than that -provided would be advan- 
tageous. Eagine acceleration  characterietica,  which are  beyond the 
scope of this report, are not  canpletely  determined by the varfablea 
shown in figure 8, hawever. Ro final select ion of mitch-over  point 
should  be made, therefore,  without  consideration of acceleration 
characterist ics.  
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Performance maps fo r  compressor operating as par t  of engine. - 
In order ' to   ident i fy   the compressor performmce x i t h  engbe operating 
conditions, lines of constant  corrected  turbine-inlet  temperature are 
superlmposed in figure 9 on the compressor m;Sps obtained a t  Reynolds 
number indices of 0.96 and 0.12, the  limits over which the investi-  
g a t i m  was conducted. Also superhnposed on each map is a line showing 
the mode of operat.ion  with rated exhaust-nozzle area. 

A t  a Reynolds number h d e x  of 0.96 (fig. 9(8) ) , with the engine 
operated at   ra ted  corrected engine speed gnd-e+ga t -~~z+e   a r ea ,  
the  cmpressor  pressure  ratio was 7.0, the  .corrected air flow 143 
p ~ u n d s  per secod ,  t h e  cm'pressor  ef'ficiency 0.82, and the corrected 
turbine-inlet  temperature 2020" R. AB Reynolds num%er index was 
reduced t o  0.12 (fig. 9(b ) ) ,  at the  same corrected e@ne speed and 
exhaust-nozzle  area,  the compressor pressure  ra t io  remained at 7.0, 
the  corrected air flaw and compressor e f f l c k n c y  decreased t o  136 
pounds per second and 0.78, respectively, and the corrected  turbine- 
k l e t  temperature was r a i sed   t o  2180' R. AS noted  prev~ously, the 
reductions b~ corrected a i r  flaw and ccnnpressor efficiency are due 
t o  Reynolds number e f f ec t s  on the compressor. A similar   effect  on 
the  turbine performance will be sham in a later eection. These 
Reynolds number e f fec ts  were of such magnitude and direction that a 
constant compressor pressure  ra t io  and an increased  corrected  turbine- 
inlet temperature  reaulted . 

For  both Reynolds number indices,  the  operating line f o r  rated 
exhaust-nozzle  area passed through the  region a€' m a x i m u m .  compressor 
efficiencg. . . . . .  . . -  

Pressure loss throwh  the  cmpressor-outlet   diffuser.  - The 
loss in total   pressure in the  diffuser  between the cmpmssor and 
combustm may be  expressed in terms of total-pressure lose rat-lo 
(pressure  l O B 8  divided  by inlet pressure). Over the  ent i re  range of 
this   invest igat ion  this   total -pressure loss r a t i o  was about 0.6 percent. 

Combustor Performance 

Combustion efficiency. - As shown in reference 1, cmbustion 
eff ic iency  for   several  combus~ors comelatea  with  C~mbUstOr-inletr 
conditione P4T3/Vb. Combustion efficiency is presented as a function 
of P4T3/Vb in figure 10. Over the  range .that the  combustor operated 

in %hie engine, the  Axel dist r ibut ion and fuel-air r a t i o  were found 
t o  have negl igible   effect  on this correlation. An auxi l iary  scale  of 

is considered a more pract ical  parameter insofar   as  engine operation 
wa,lT7, which 18 prOp0rtiOnal t o  P*Ts/vb, 18 a b 0  sham, because 1% 

- . " 
: -*. 
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is concerned. The cambwtion  efficiencywas  con&ant a t  0.98 above 
P4T3/Vb of 35,000 (Wa, of 52,500) . A decrease in cmbueticm 
parameter below t h i s  value resulted in a decrease in cmbustim ef'fi- 
ciency t o  0.83 at  P ~ T ~ / v ~  of 6000, mus, at  rat& engine cond~tiona 
and a flight Mach number of 0.8, the canbustian eff iciencg remabed 
at  0.98  up t o  8n a l t i t ude  of  about 37,000 feet (P4T3hb of 35,000) 

w and decreased t o  0.96 a t  an a l t i t ude  of 55,000 feet (P4T3/vb of 
P 

4 
or 23,000) . 

Combustor total-pressure lose. - The Gonibustor total-pressure 
loss r a t i o  is presented as a functian of  combustor temperature r a t i o  
in figure 11. D a t a  f o r  a l l  Reynolds number indices fa l l  along a 
stngle curve. The pressure 1 0 ~ s  r a t i o  decreased from 0.075 t o  0.037 
as combustor temperature r a t i o  increased f r o a n  1.0 t o  2.2 (approxi- 
mstely the combustor temperature  ratio at  rated c m d i t i m ) .  

cu 

6 
COmbUstOr -OUt le t  temperature dis t r ibut ion.  - The data presented 

in  figure 12 are typica l  temperature prof i les  at  the turbine outlet .  w 

Previous  investigations have indicated that turbine-outlet   profiles 
r e f l e c t  the combustor-outlet  profiles, although in smew3mt dimin- 

reliable tempera ture  measurmente w-ere available a t  the d u s t o r  
outlet. There were no msfstent e f fec t s  of altitude, flight Mach 
number, engine epeed, or  tempersture  level on the c d u s t o r  temper- 
ature distribution. The data of figure 12 indicate that the radZal 
temperature d is t r ibu t ion  with which the rotor  would be concerned is 
re l a t ive ly  flat. However, the circmfermtial temperature variatiocne 
are of considerable msguitude, ammtlng t o  12 percent above the  
average  (probably more ahead of the  turbine).  Therefore, netu? rated 
temperatures the local temperature may be more than 20O0 F above t he  
average. A l t h o n g h  th is  circumferential unbalance is unimportant 
insofar as the ro to r  is concerned, it could be detr imental   to  the 
e ta tor  life. No adverse effects on s t a t o r  l i fe  -re observed during 
the test- reported  herein, which included  over 170 hours of engine 
operation a t  various  conditime  without engine overhaul. 

L ished m i t u d e .  The turbine-outlet statim is used,  because no 

Turbine Performance 

Performance map.- The performance of the turbine is presented in 
terms of corrected enthalpy drop  and turbine gag-flow parameter with 
lines of constant  corrected turbine speed, turbine pressure  ratio,  and 
turbine efficiency. D a t a  f o r  compressor  Reynolds number indices of 

For these compressor Reynolds number indices, the turbfne Reynolds 
number index varied nmina l ly  from 0.90 t o  1.50. A check showed that 

0.96 aSd 0.88 were combined t o   m s t n c t  the m p  B h m  In f ~ U r e  13. 
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turbine Reynolds  number had a negligible  effect over this range of 
turbine Reynolds nwier indices. Therefore, the map of figure 13 was 
constructed from a l l  data  that fell. within thh turbine Reynolds 
number Index range. Because of the  variable  inlet guide vanes used 
on t h i s  engine, it w88 possible t o  obtain  turbine performance over a 
much wider range of enthalpy drop (at a comtant  corrected  turbine 
speed) than is ueualfg pO88ible in engine performance evaluations. 

r( 
M 

A t  rated  static  sea-level canditicms, the  turbine operated a t  a 
corrected turbine speed of 4040 rpm and a corrected  enthalpy drop of 
30.0 B t u  per pound. This operating poipt an the map of figure 13 
(which approximates the  static-sea-level  candition) corresponded t o  
a turbine pressure ratio of 2.96, a corrected turbine gas flow of 
43.0 pounds per secand, and a turbine  efficiency of 0.87. From the 
turbine weight-flow parameter, it may be determined that  increasing 
the corrected turbine speed from 3900 to 4600 rpm resulted in about a 

. ." 

Z$-percent reduction in the corrected turbine  gas flow. Thus, the 

critical turbine flow area decreased as corrected  turbine speed was 
increased, which indicated that  the critical turbine flow area w88 

downstream of the  firet=stage  stator. 

F 

The peak turbine  efficiency, which was eligktly over 0.87 for  
the  data shown in figure 13, occurred a t  a comected turbine speed of 
about 4150 rpm. Over the  entire range of turbine  operation in figure 
13, the  efficiency varied less than 0.02. A t  any given corrected 
turbFne speed, changing the  turbine  pressure rat io  had no discernible 
effect on corrected gas flow or efficiency within  the range investigated. 

Effect of Reynolds  number. - The effect of turbine Reynolds 
number on turbine  efficiency and corrected turbine gas flow a t  a 
given corrected  turbfne speed and pmseure ratio is presented in 
figure 14. The reference Reynolds  number index of' 1.50 yas used BO 
that figures 13 and 14 could  be  .used together in determining turbine 
performance. The trend8 shown in figure 74 are .val id .over the range 
of turbine operat in@: condition@.  presented in figure 13. The effect 
of reducing the  turbine Reynolds  number -om 1.50 t o  0.15 was -i;o 
decrease the corrected turbine gas flow 2 percent and the  turbine 

Altitude Performance of' Components a t  Rated Conditions 

The variation of ccgnponent performance with alt i tude  at  a flight 
Mch number of 0.8 is present& 3 n  figure 15 for rated engine conditims 



- 
results in an increase in corrected  engine apeed frm 74.80 t o  8610 rpm 
and a decrease in Reynolds number from 1.31 t o  0.17. The corrected 

constant as a l t i t ude  is raised above this value. Compressor effi- 
ciency  decreased froan 0.842 t o  0.768 aB a l t i t u d e  was increased frclm 
sea level t o   t h e  tropopause.  Practically all of this decrease resulted 
from the increased  corrected engine speed, while the effect of Reynolds 
number up t o   t h e  tropopause was negligible. As a l t i t ude  was increased 
t o  55,000 feet, a further reduction of Compressor e f f ic iencyto  0.753 
occurred en t i r e ly  becauee of Reynolds number effeds.  lh can be seen 
in figure 15, the reduction in cmpreesor  efficiency would have been 
greater ( to  0.744), except that it was necee6ary t o  reduce the engine 
speed in order t o  maintain turbine temperature  limits. 

- engine speed of 8610 r p m  is reached a t  the tropopause and remins 

The corrected alr flow increased frm 134.9 t o  146.7 pounds per 
second as a l t i t ude  was raised t o  the tropopause (assuming that cor- 
rected air flow is constant above a Reynolds number index of 0.96, i.e., 

speed, which overshadowed the re l a t ive ly  emall decrease  associated 
with Reynolds number. As a l t i t ude  was increased beyond the tropopause 
t o  an a l t i t ude  of 55,000 feet, the corrected afr flaw was reduced t o  
142.9 pounds per second because of the effect of Reynolds number a d  
the  previously menticoled reduotion In engine epeed. 

,& 

N f i g .  7).  This increase is due t o  the wcrease in corrected engine 

An lncrease in the altitude frcrm 00a leve l  t o  55,000 feet 
resulted in a mall dewease in c d u s t i m  efficlency from 0.98 t o  
0.96. This reduction, of course, would increase If lower values of 
flight Mach nuniber o r  angine  speed were considered, inaemuch as 
combustion efficimcy is primarily a function of the ombustor pressure 
level. 

Turbine efficiency decreased fram about 0.870 t o  0.854 88 alti- 
tude was raieed from sea l e v e l  t o  55,000 feet. Over the range through 
which the  turbine operate8 Fn the engine, t u rbhe  efpiciency is a 
function only of corrected turbine speed and turblns R e p o l d a  number 
(figs.  13 and 14). Became the correoted turbine speed remained 
nearly constant f o r  rated engine cmdition8, the decrease in turbine 
efficiency resulted only from a decrease in turbine Reynolds number. 

Performance -of the components & the YJ73-GE-3 englne was deter- 
mined over a wide range of engine operating conditions and f l i g h t  can- 
ditione. The ef fec t  of Reynolds number on the cmpreseor performance at 
a constant  corrected  engine speed and campressor p ~ s s u r e  r a t i o  w i t h  the 
inlet Wide vanes OPm to reduce the corrected air flow 4 1  percent 

2 
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and the compressor efficiency 6 percent as Reynolds number index 
decreased =om 0.96 t o  0.12. A t  corrected engine speeds below 6300 
rpm, the compressor  performance can be improved by operating  Kith  the 
inlet guide vanes.& the  closed  position. A t  a corrected engine speed 
@f 5600 rpm, the  compressor efficiency is raised fram 0.73 t o  0.82 
as the inlet guide vanes move frm the  open t o   t h e  closed  posit lm. 

A t  rated engine conditione at 8 flight Mach number of 0.8, as 
a l t i t ude  was increased frm sea   l eve l   to  55,000 feet, the canpressor 
efficiency was reduced  about 11 percent and the  corrected air  fluw 
was raised about 6 percent  primarily  because of the effects of 
increased comected engine speed: . . .  - 

The ombustion  efficiency remained a t  0.98 a t  values of P ~ T ~ / ~ ~  
of 35,000 and above, which corresponds t o  rated engine conditions a t  
an a l t i t ude  of 37,000 feet or  less and a f l i g h t  Mach number of 0.8. 
A t  the same engine and flight conditions a t  an a l t i t ude  of 55,000 . 

fee t ,   the  combustion effloiency was 0.96. A t  a l l  Reynolds number 
indices the combustor tot8l-pressure losa r a t i o  was 0.037 f o r  rated 
engine ccdltions. 

Over the range of engine e d i t  ions  investigated, at any given 
compressor  Reynolds number index  the  turbfne  efficiency and the  
corrected  turbine gas flaw varied  about 2 percent. As the turbine- 
inle-kReynolds number index was decreased from 1.50 t o  0.15 a t  
constant  corrected  turbine speed and turbine  pressure  ratio,  the 
oorrected  turbine gas flaw and the  turbine  efficiency deorceaeed 2 and 
22 percent,  respectively. A t  rated engine conditims, as a l t i t ude  
was increased f r o m  888 l e v e l   t o  55,000 feet at 0.8 fllght Mach number, 
a reduction in turbine efficiency of 2 percent was due only t o   t h e  
decrease in turbine Reynolds number. 

1 

tc 
(D 
r( 
M 

Lewis Flight Propulsion  Laboratory 
National  Advisory Committee f o r  Aeransutlcs 

Cleveland, Ohio, A p r i l  16, 1954 
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APPEXDTX A 

SYMBOIS 

a 

M 

N 

P 

P 

R 
-9 

9 

v 

VC?? 

'a 

wf 

% 

P 

Y - 

The follcrwing symbol8 a r e  used In th ie   repor t :  

cross-sectional area, sq ft, 

acceleration due to   gravi ty ,  32.174 ft; /sec2 

to ta l   en tha lpy  of a i r  o r  g a ~  mlxbure, Btullb 

Mach  number 

engine speed, rpan 

t o t a l  pressure, ~ / e q  ft, abE 

stat ic   pressure,  B / S ~  ft abe 

gas c o n s t a t ,  53.4 f t - - / ( ~ ) ( o R )  

Reynolds number 

t o t a l  temperature, OR 

Velocity, f t / 8 e G  

L?L 
(-)7 - 

(1.42+ y = 4  - 

function of y,  1.4 
Y 1.4 

I_ 

r a t i o  of specif ic   heats  
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6 

11 

a 

x 

v 
P 

@ 

a 

b 

C 

g 

I 

t 

0 

1 

3 

4 

5 

6 

7 

'"- NACA RM E54009 

pressure-correction  factor P/2116 ( t o t a l  P ~ S S U ~ ~  divided 
by NACA standard sea-level  pressure) 

eff ic iency 

temperature-correction  factor ( V m / 1 0 1 8 ) 2  (squared  ratio of 
c r i t i c a l   v e l 6 c i t y   t o   c r i t i c d   v e l o c i t y  a t  N A ~ A  ctindara sea- 
level  conditions) 

A m + B  B t u  . .  

.(as defined in ref. 2) 
m + 1' l b  of f u e l  . .  

absolute viscosity, lb-sec/sq f t  

density, lb-eeo2/f't4 

ViSCO8ity-COrreCtiOIl factor p/3.719~10-~ (viscosity divided 
by NACA standard sea-level viscosi ty)  

Subscripts : 

a i r  

combustor 

compressor 

gas mixture 

indicated - 

turbine 

free-stream ccmditlons 

engine o r  compressor h l e t  

campreseor out le t ,  compressor dif'f'wer inlet 

combwtor inlet, compressor diffuser ou t l e t  

turbine Fnlet, combustor ou t le t  

turbine  out le t ,   ta i l -pipe  diffuser  inlet 

exhaust-nozzle lnlet, ta l l -pipe diffuser out le t  

. ,  . ." "" - - L .  

c. - -  



NACA IIM E5009 

APPENDIX B 

15 

w 
I"L cn 
4 

Temperature. - Total temperatures were calculated from indicated 
temperatures by the fo l la r ing  relatian: 

where 0.85 is the Impact recovery factor  for  the type of themo- 
9 couple used. 

Reynolds  number index. - For a given comected engine o r  turbine 
aped, Reynolds nmker lndex varies  linearly  with Remolds number and 
is defined as the  ratio of Reynolds number Ebt any c&diticm t o  Reynolds 
number a t  standard sea-level conditions: 

A i r  flow. - A i r  flow was determlned f im pressure and temperatme 
measuraments a t  the engine inlet   (dation I) by the following equatiop : 

The various cmpressor-outlet bleed and leakage flows were  determined 
t o  be about 2 percent of the  inlet-afr flow. Although portions of 
the flow reenter ahead of  the  turbine  (after  station 5) and between 
turbine  stages,  this flow was i@ored insofar as  statim 6 is 
concerned. However, the  entire bleed and leakage flow has reentered 

or gas flows a t  the various stationa were calculated by the following 
equatians: 

- t he  mainstream flow before passirg through the exhauat nozzle .  The a f r  

- 
w = w  a,3 a , l  (4) 
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Compressor efficiency. - Compressor eff ic iency W&B calculated  by 
use of t he   t ab l e s  in reference 3 and neglecting water-vapor  corrections. 
US- hown values of compressor-inlet and -outlet   total-pressure and PC 

temperature,  compressor  efficiency wa6 determined frm the follarlng 
Io 
rl 
pr) 

eXp3WBBiOI l :  

Combustion pameter.  - combustion  parameter P~T&, IS moet 
easi ly   calculated by assumlng that t h e  bur-r-inlet Mach number is 
low enough that t o t a l  and stat ic  values of temperature and pressure 
are nearly equal. Thus, it can be shown that 

where Ab is the  maximum combustor flow area and is eqwl t o  approrl- 
mately 5.3 square feet; and vb, which is not  8 real veloci ty  a t  the 
combustor inlet, I s  used according t o  criteria previouely establish& 
in order that various  cmbustors  could be compared on a fair  basis.  

Cambustion efficiency. - Combustion eff ic iency I s  defined a8 the  
ratio of the actual enthalpy rise of the gas while pass- through the 
engine t o  the theore t ica l  increase in enthalpy that would r e s u l t  from 
complete  combustion of t he  fuel: 

where 18,700 Btu  per pound is the lower heating value of the fuel. 
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Turbine-inlet total temperature. - Turbine-inlet temperature was 
calculated by the use of temperature-enthalpy tables and the following 
equation : 

The difference in the fuel-air ratioe between stat lons 5 and 7 iB negli- 
gible with respect t o  mlcub.tion inv0lvFng wmtim (10). 

where y is based on T5 " T7 
t 

and fuel-air ratio. 
2 

1. Childs, J. H m d :  PrelFminary Correlation of Efficiency of A i r -  
craft Gas-Turbine  Cambustors for Different  Operating  Conditions. 
NACA RM E50Fl5, 1950. 

2. Turner, L. Richard, and Bogart ,  Donald: Constant-Pressure 
Combustion C h a r t s  Including Effects of Di luent  Addition. NACA 
Rep-  937, 1949. (Supersedes NACA TN's 1086 and 1655.) 

3. Amorosi, A. : Gas Turbine Gas Charts. Res. Meno. No. 6-44 (Navships 
250-330-6), Bur .  Ships, N a v y  Dept., Dee. 1944. 
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- 
~ m 2  
. a m  
,925 

.938 
,059 

1899 
lSl .5 
1917 
1 P 5 l  
2007 

11- 
1197 
1794 
178a 
1BM 

leop 
ll7P 
1181 
1178 
1174 

1187 

1114 
lieu 

llOP 
l l o 1  

1W 
142 
137 
740 
141 

Ro 
749 
1M 

453 
144 

4w 
MO 
Iy 
4% 
w 
U S  
440 

284 
a9p 
as4 

as0 
E M  
PI4 
417 
218 

?M 
a18 
- 

m f t  

I . .  I . .  . .  
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TABLE I. - Contlnued. PWPORHANCE DATA 

(a) Continued. Inlet guide vanes open. 

I 
Tom loo5 
TlW 7850 
1408 1UB 

0408 w 4  

1- m 3  
1 4 U  7wB 
8888 8 l M  
8070 8 7 s  
6SDp E S 8  

64W 65S8 
lm -8 
11p6 7910 
1417 IS91 
BBBB 8780 

8 . 9 ~  mca 

- 
1.m 

.882 

,841 
.a91 

1.m 
.042 
.e40 
. 0 U  
,881 

1.014 
.694 

.OB2 

.eu 
AMI 

.808 
1.W1 

. a 7  

.9y1 

.a45 

.gas 

1.014 
.SO6 
.ST0 
,948 

.am 

.M 

.7b¶ 

1.m 
.BO 

.a95 

. m1 

.e19 .e43 .am .Lua 

.8W 

.SKI 

. s a  

.ea& 

.om 
,881 
.1$6 .wQ .ea4 . M9 
.m 
.M 

51.3 143.1 
w.l 140.7 
s3.1 1sl.l 
07.1 l14.8 
84.8 57.1 

Q4.0 1 L p . O  

W.8 u0.4 

88.5 16.1 

Bp.1 143.5 
W.6 W . 8  

80.1 141.0 
78.7 1Y.l 

11.3 1m.l 
99.6 1m.s 

w e  111.8 

4Q.3 14.1 
Bp.2 1 a . 4  
Bo.3 140.1 
70.7 l S . 6  
M . 3  114,l  

43.3 11.0 
f f l . 8  lY.l 
m.2 m,u w.1 wB.6 
a . 8  1m.s 
48.1 Wl.8 
11,s 111.7 
S4.S 11.8 
16.0 11.4 
y1.9 13B.O 

6l.l l S . 9  
SO.1 lS7.2 
e8.1 1 S . 4  

m.1 ll5.1 
M.S m e  

ep.0 101.6 
l0.I 72.2 
19.9 1sS.s 
11.3 lEa.6 
M.8 1 p p . O  

11.1 B1.P 
16.5 U1.5 

12.8 u1.e 
11.8 113.0 
10.9 104.7 
1.Q 80.4 

18.8 1 ~ 4 . 8  

1 .as 

1.10 

1.17 
1 .21 

.74 

1.17 
1.U 

1.14 
1.m *m 

-91 
-71 . '78 
.77 
-78 

.76 
-59 

.le 
-17 
.18 

.88 
-40 
.a .bs .bs 
.a 
.41 
s.1 
-51 
.a 
.n 
,a0 
.29 

.a 

.E?a .W 

.I7 
J 7  
.lI 

.I8 .la .Ip 

.IS 

.M 

.1P 

.ea 

.m - 

45.0 
45.2 
4S.O 
45.P 
42.8 

U . P  
43.1 

4Q.S 
45.5 

U .a 
43.1 
U.1 
L1.1 

u.a 

42.a 
a . 0  
43.2 
U.1 
11.1 
U . 8  

u . a  
u . 2  
U.3 
4e.a 
U . 9  

re.a 
U . 8  
43.1 
u.n 
42.P 
4e.6 
4e.8 
11.8 
40.8 
42,B 

4e.4 
41.8 

4P.1 
42.0 

41.1 

ea.? 2 . 8 U  
pS.8 2.918 

eB.6 2.798 
el.0 2.100 

y1.0 P . # M  
y1.0 Q.9M 
xI.0 1.970 

Ql.0 2.880 

m.4 e.8- 

w.1 e.ew 

- 
1 
2 
J 
4 
5 

6 
7 
8 
9 

10 
ll 
IB 
U 
14 
10 

18 
17 
18 
10 
eo 
21 
G3 
a1 

9: 
m 

ea 
27 
BB es 
m 
n 
6p m 
E4 
1 

34 
31 
JB 
1 
U 

41 
48 
W 
44 
48 
4a 
47 - 
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TABLE I. - Continued. F"ORMAHCE DATA 

(a) Continued. In le t  guide vanes open. 

1 L9TS 
. .  . 

I 

I 
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TABLE I. - Contlnued. PERFOAMANCE DATA 

(a) Continued. In le t  guide vanes open. 

- 
.ma 
.U# ..y .a .Kd 
.yo 
.7M .OM .m 

.nl 

.ma .om .a44 

.7U .*y) 

.= .m .U1 

. T U  .all 

.gP .Ea .om .ea .m 

.m 

.m 

.nm .Ml 

.M .nu .ma 

. T U  

.m 

.boa ..B .ea 

.w .El 

.Tal 

.m .TM .m 

.m .a .4M 

.lU 

.m 

.m 

.m 

.II .ln 

.m .Ted .Tm .7u .€a 

.no 

- 

' I  
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TABLE I. - Continued. PERFOmANCE DATA 

(a )  Continued. Inlet guide  vanes  open. 

- 
1 8 s  
1942 
1 9 u  
1876 
P D o l  
LBOB 
1803 

18M 
1605 
1810 
1116 
18lo 

1190 
1187 

U80 
1191 

1198 

lPpl 
l2M 
1195 
1100 
1188 
407 
680 
7M 
741 
711 

767 
761 
be4 
169 
711 
a 7  
475 
486 

476 

466 
410 
481 
4 6 8  
468 
417 

286 

ow 
21s 
a14 

urn 

a77 
ass 

nr an 
tsb 
a 2  - 

958 
942 
SO9 
8 U  
747 
949 
953 

949 
9 s  
899 
8x2 
7 w  

9M 
958 
901 
Bsa 
721 
948 
9 s  
8- 
829 
714 

1151) l a 4  
1807 12449 

1840 11177 
1455 9169 
1 s o  SUI 
1 1 s  11% 
lBB0 11111 

1680 11111 
17S8 11826 

1550 l a 1 4  
1319 1981 
1010 327h 

I 11w 
1700 
1560 
139s 
5out 

171s 
1707 
1677 
1300 
867 

1710 
l o ?  
1181 

1109 
18W 

1510 
?47a 
1681 
U P L  , 
l0ld 
1780 
1840 
1815 , 

1785 I 

1wo ! 

111p 
17JP 
X M O  
1411 
1- 

1080 

176T 
1810 

1847 
WW 

1 

'I k 

.. . 
I 

. .. 
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143.9 
141.6 
151.1 
U5.O 
11.1 

144.1 
Ul.1 
WB.3 

71.1 

1U.l 
141 I 1 
W,l 
11129 

13.0 

ue .4  

131.2 
111.1 

u1 .e  

11e.2 

m.8 
1u.n 
lIp.4 
1bZ.I 
140.0 
lM.7  

155.6 
lm.3 
155.4 
111.1 
M.1 

lU.1 
lU.2 
M . 4  m.1 
W7.4 

140.7 
lM.4 
Up.0 
U l . 8  uas 

149.4 
15.1 

U 1 . 1  
U 9 . l  
1W.P 

18.1 
W8.1  
m.1 
1 ~ 6 . ~  
n9.e 
2 L L  

- 
2.1 
9.1 
.O.P 
0 4  
(.a4 

,1.7 
,la1 
9.61 
1.04 
8.19 

7.11 
7.52 

b,c4 
LCP 
a.= 
7.01 
l.M 
8.53 
b.13 
9 . 1  

5.44 
4.89 
4.1 
4.m 
4.U 

4.17 

1.71 
P.94 
1.8l 

1.u 
1.01 

1.m 
1.11 

4.m 

e.92 

m a  
2.~1 
S.&P 
2.40 
1.86 

.a3 
1.00 
1.81 
1.U 
1.14 

1.41 
1.U 
1.D 
1" 
.19 

.m 

- 

- 
11.1 
11.9 
16.0 
I2.B 
1.75 

I1.1 
lb.9 
.4.1 
L0.P 
B.08 

11.1 
.0.1 

6.71 
9 . a  

3-39 

U.5 
10.8 
9.55 

9.M 
1.11 

1" 
1.18 
P. M 
1.68 
2-88 

h Y  
* a s p  
8.30 
4 . 4  
1.R 

4.m 

19.3 
4 . s  

4.42 
4.40 

&,e0 

3.41 

4.19 
1.11 

?.as 
1.41 
2.15 
2.19 
2 . s  
1.11 

.M 
P.U 
1.m 
1.11 
1.1 

a m  

- 

- 
e . e  
u . e  
4S.P 
U . U  

42.8 

49.3 
L2.4 
4P.3 
49.6 
45.1 

4P.7 
4u.1 
0 . 4  
Ip.9 
U . 9  

4 P , 4  

U . 4  
u.1 
U . 7  

41.5 
41.1 
Ip.5 
41.8 
U . 6  

e.1 

41.1 
42.4 
(P.1 
43.4 
40.1 

4I.6 

42.5 
48.1 

4a.1 

4e.a 

b2.1 
42.9 
42.0 
41.8 
42.1 

48.0 
41.0 
42.9 
41.1 
40.1 

41.3 
u . 4  
41.0 
u . 9  
U.4 
43.1 
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TABLE I. - Continued. PERFORMANCE DATA 

( a )  Contlnued. I n l e t  guide vanea open. 

1 I I I 

1 

172 .E55 

174.  .BO2 
175 .EO1 

178! ,594 
116 .M5  

111 .4a8 
1771 .679 

179 .Ul 
180. A52 
181 .437 

Brhlllo 

1911 
1891 

1955 
1968 
2017 

2ol7 
203b 
1772 
4776 
1793 

OW9 
1797 

11w 
1807 

ll@A 

11- 

leos 
118s 

1192 
1196 

UB4 
752 
? I 8  
?5B 
741 

141 
436 
4e4 

482 
490 

Ul 

349 
447 

5uI 
s46 

sa 
s48 

. a a o  

270 

me 
e71 

't - 
12287 
11750 
10884 
8974 
5615 

wa2 
3984 

1 l U 6  
11121 
l m D D  

W88 
7889 
6Oe7 
7664 
7681 

898.4 
a6u 
20P 
5381 
5298 

x48 
me2 
5m4 
M861 
1 9 6  

as5s 
"" 

-I- 

"- "" 
"" 

"" 

"" 

"" 

"" 

"1" "_ 
"" 

"" 

- 
1625 
1613 

1427 
1280 
1223 

122s 
1283 
1 5 s  

1 m  
1Xa 

Ea6 
1170 
855 

1557 
15oJ 

157s 
1155 

u8a 087 

urn 
9m 
158a 
16xI  
lS-5 
1177 

830 
"" 

"" 

"" 

"" 

"" "_ 
"I "- "- 
"- "- -" 
"" 

I 

- "- 

- 
11175 
11Q74 
10443 
8 5 3  
5552 

8555 

10933 
3734 

10851 
9859 

9138 

4721 
7651 

7670 
lscB 

6671 
52e8 
28Bl 
5087 
5 w p  

3444 
4945 
4799 
4461 
5710 

"" 

-1. 

"" 

"" 

"_" 
"" 

--- 
"" 

"" 

"" 

"" 

"- 
"" 

"" 

"" - 

- 
1114 
1139 
1064 
9 6  
989 

1114 
998 

1168 

1026 
1120 

lR?U 
Bds 
B18 

1167 
1322 

1- 
852 

es6 675 

851 

M O  
l l 9 3  
u 3 9  YE 

821 
l M 1  
Ma 
11 I 
IC58 
619 em m.7 mi! 

lloQ 

g m  

ls29 
797 

m4 
l a  
924 - 

.i 
f .t 

I 1 t ?-r- 
i I . . . .. 
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TABLE I. - Continued. PEFlFaRMANCE DATA 

(a) Concluded. I n l e t  guide vane8 open. 

. . .. 

3167 

1.012 
,881 
.948 
.e51 
.701 

. 1 w  

1.018 
.sa 
.998 
.e49 

,942 .BM) 
1.W7 
.lo8 

1 . m  

.e71 

.E80 
,683 .em 
.e48 

1.OM 
.?re 

1 . W  
1 . m  

l9oB 

.741 
1.013 
1 .W0 
1 . m 1  

.990 

.BO5 
,163 

1.W 
1 . m 7  

.e73 

I 877 

1 . W  
.e22 

1.012 
,954 
.e81 

lSS.0 144.2 
111.7 141.6 
127.4 13fi.S 
L10.4 118.1 
70.7 12.1 

72.6 75.8 

m . 2  lbG.0 
488.2 40.4 

lP4.3 142.7 
LlB.8 138.7 

I 
6 . 4 ~  a.aoo 
8.118 .em 
5.817 ,815 
1.560 -8SO 
2.790 .723 

""_ 

11.4 
10 .8  

9 . f l  

4-61 
1 . S  

4.44 
5.m 

10.4 
10.1 
8.81 

7 . a  
6.98 
11.41 
1.82 
1.19 

6.18 
4.26 

4.26 
4.81 

2.80 
4.w 
4.68 
4.m 
5.00 

1.80 

1 . m  

"1" 

""_. 
""" ""_ 
""" ""_ ""_ 
"_" "." ""_ _"" ""_ ""_ ""_ ""_ - 

.6.7 l.M 4610 
l6.0 1.48 4586 
W.8 1.44 4613 
10.4 1.40 4301 
7.08 .PO 3308 

7.14 .80 3 W l  
I ,37 
14.6 1.39 4621 
.S.B 1.41 66226 
.2.3 1.44 cB0Q 

.2 .8   1 .33 a80 
8.75 1.1h 4Bl8 

~0 .4  
4.18  1 .18 4'290 

9.88 .88 4826 
4619 

..SI ages 

%.a 
56.3 
36.8 

SS,4 
24.8 

24.4 
18.4 
36.0 
36.0 
36.8 

35.7 
35.7 
51.4 

s5 
31 

m 
su 
eo 
35.3 
S . 0  

S . 0  a 
58 
68 
b5.4 

32.1 

"" 

"" 

"" 

I"_ 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" - 

I 
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TABLE I. - Continued. PERFORMANCE DATA 

(b) Inlet wide vanes cloaed. 

I 
- 
1 

3 
4 
b 
8 

1 
8 

10 
9 

11 
1'2 

e 

- 

- 
0.950 

a940 
,949 
.950 
.W31 
.881 

.880 

.881 

.m 
a S 3  
.I2 
.310 - 

- 
me 
e m  
a o a  
2050 
20% 
1164 

l l S S  
1111 

8W 
483 
488 
497 - 

- 
0 
0 
0 
0 

0.821 
0 

.819 

.815 

.794 
,788 

.BM 
,187 - I 1782 

1 7 1  
785 
740 

18J 
754 

785 
701 
a1 
783 
754 
M 

1205 B o l S  
987 4273 

14W 2912 
1243 P 5 8  
1107 2180 
990 1768 

t 

521  517  1995 1081 007 
521  517 2030 elm aw 

9285 

521 517 we6 loso 885 
9141 

521  517  loo^ l a m  
8691 

519  517 m 2 1  em2 el4 
'101 

7717 
4801 

2s 0.452 488 0.808 s94 448 
24 . w  499 .793 s m  ua 

751 
755 

744 m YLU 1817  1515 %€4 lln loIs 1170  1012 

15 .uZ 486 .798  598  448 
rn 

751 
721 

810 5511 54- 1450 53% 1129  1007  1118 
778 S U S  5402 WI 3281 ID27 986 1W5 

97s 

25 .452 498 $790 SO0 448 748 2811 2900 1141  2761  072 882 818 
7% 

9% 

27 .410 401 .B(y 398 U 7  731 647 2114  2172 910 3x8 7 m  ips n1 
859 
sa0 

it -!q 4l2 488 

. .  . 
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TABLE I. - Concluded. PERFORMANCE DATA 

(b) Concluded. In le t  guide vanes  cloaed. 

I r - 
0.185 

.0U2 

.813 
* 784 

.778 

*m 
,791 
.772 
-782 
.1m 
.7m 

.res 

- 

7.17 
b.82 
5 .09  
5.10 

8.97 
1.91 

.1.w 
-84 . 10 
.82 

1.01 
a 60 

1.03 
. P I  
.12 
.12 
.41 .JB 

4201 
3812 
5e05 
2858 
2357 
n74 

U S 8  
4004 
4562 
4D81 
41U 
3979 - 

1.1 
24.9 
18.0 
14.1 

30.7 
8.8 

20.8 
18.2 
30.4 
20.7 
28.5 

- 88.1 

0.891 91.1 
. I56 17.4 
.&?E 58.6 
,611 60.3 

,097 04.9 
.&e ss.6 

81.0 4.149 
01.8 3.18 
82.4 2 . W  
42.1 1,734 

00.5 3.952 

91.7 3.Wl 
76,s 2.11 
91.8 4 . a o  

02.8 5.cdo 
oa.9  3 . ~ 1  

11.0 2.4an 

31.0 1 . w  

.BPI I 78.7 6.14 

2.04 
3.m 

P.17 
1.77 
1.59 

42.1 ,888 
4E.0 .E76 
62.1 .ea7 

Cp.4 .e58 
41.8 .E68 

42.9 a . 8  

I . .. 

Rh.WI 

I 

T 0.m .ca .cos .o(u 
.OW 

_" 

- 
1.15 
1.U 

1.14 
1.15 
1.W 
As 

- 
3.208 

3.170 
2.s21 

3.867 

a.886 
3.880 
3.711 
3.714 
1.108 

3 . m  

a . 4 ~ 3  

- 

12.6 Sl.6 

42.9 24.1 
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TABLE 11. - PERFOR14ANCB DATA OBTAINED AFTER MQLNE m m  W- C- INLET-AIR TPIPERATURES 

Enlet  guide vanes open1 

- 
1 
2 
3 
4 
b 

6 
7 
6 
9 

10 

11 
12 
15 
14 
16 

16 
17 
16 
18 
20 

21 
22 
23 
a4 
26 

26 
27 
28 
29 
m 
51 
52 

Y, 
?Is 

55 
S6 
37 - 

" 8  
.a 
-489 
.488 
.438 

-416 . s40 
A44 

.= . s 4  

.X1 

.267 

.261 
2 7 6  
.274 

.271 .x1B .a05 .216 .232 
-16s 
-188 
.156 
.160 
.1w 

465 
462 
485 
480 
482 

478 
2s1 
298 
xu 
2- 

298 
297 
a87 
289 
311 

m 
LB1 

184 
lea 

190 

178 
177 
1 78 
la6 
la4 

-7 
M7 
802 
716 
772 

e28 
687 

8(15 
761 
184 

7 m  

690 
e42 
7 w  

e43 
a& 
am 
78.3 
747 

ell 
8Bo 
&Bo 
799 
701 

ms 

Hrtlausta-le 

"" 

55(7 
SSBO 
sal 
4lS6 

1961 
4032 
3926 
5868 
5611 

s 7 5  
J&og 
m 7  
324s 
a 9 7  

2467 
1488 

2S40 
2287 
2075 

pso 
PIS2 
2008 
1482 

773 

- 
le00 
1753 
1817 
1455 

-7 
1065 

1837 
1820 

1151 

1587 
201 1 
1075 

1497 

1070 
Po57 
1890 
1737 
lSa0 

2067 
1975 
1m 
1510 
1227 

17.50 

- 
5819 
5810 
6572 

5501 
"" 

6158 
5sSo 
4867 

" - 

sesk 
1880 
s873 
3781 
3814 
bc87 

s2e2 
3417 

3lW 
S U I  
2474 

lU28 
P69 
2252 
21- 
2001 

x 
1930 
1426 

740 

1706 
1593 
1m 
1596 
1469 
119) 
b72 - ".. . 

1466 
1442 
1502 
IzsS 
114U 

858 
1618 
1548 
14'19 
1 S 6  

1262 

1- 
1m3 
1- 
1182 

868 
1651 
165s 
1460 
1SlO 

ls00 
16o(r 
1484 
1218 

971 

" 

1400 
1437 

1W5 
1154 

871 
1607 
15co 
1466 
l m 6  

lE21 
1266 

I s m  
1422 
1189 

a72 
1640 
1520 
US7 
1294 

lati0 
-4 
I486 
1209 
s9a 

sa 

281  415 sea .nw 1- .178 41 

WE 282 u e  ses 0 .~00  ISS 0.180 . 
39 85b 279 US. 588 -82s 179  -177 

p289 1887 

517 1352 642 lm lee1 1697 1871  014 281 U S  S6l  -808 183  -178 40 
a 4  1468 677 1469 2lS2 1800 2234 
684 rsOe 707 1487 2209 

42 -178 U S  .EO& 367 414 

424 1211 440 l2SO 15+8 1523 
527 L r n  559 loIl law 1287 104 897 

1581 781 
214 415 398 -453 186 .IS4 51 

W E  I s 7 9  505 1394 1% 1740  1589 e l 9  
601 1-2 532 1b17 1- 1667 17W 

M 413 587 . 4 U  193  .140 49 
852 225 413 JB8 As1 198 -142 48 

-I 1546 - L6y - 195s " 
474 1191 489 U81 1484 lboo 15L6 

2.?S 41s 589 A15  198 .141 47 
2991 454 408 -768  197 .1BB 46 

639 " 65s 
671 1J86 589 IUS 1- 1767 l W B  

1572  1995 - 2082 
RS3 286 U 6  e .7Sb 2Q1 .1sB 46 

668 15ES 686 1586 2062 1950 2173 
" 283 " - .798 l e 6  "" 44 
US1 207 471 4- .782  190 .1M 4S 

4W  1082 510 
S S  885 371 POL 1119  1110 1LB7 

1111 1se4 wB6 1657 743 
871 280 

50 216 41s 397 .+50 188  .1s7 

-, 2.881 ~ . r t  "" . . "_ , . .  . . , . . . . .. . ::.: .=._ 

52 

207 773 216 185 625 995 
4 6 0  142E bop 1- 1688 1825 1741 

858 644 
451 1- 487 1oU 1580 1S31 1 8 M  7 s  

277 426 S76 .E10 180  .170 58 

664 1229  581 1- 1945 1579 2(355 736 
272  414 56. -8Sl 173 .I72 3b 

622 1S57 €46 1350 2127 1731 2212 8 s  
281  410  581 -824 160 .180 54 

651 1422 678 l 4 m  2711 1017 2m 851 
277 4- S 6  .8M 175 .178 53 
277 ((Is 565 0.84s 174 0.180 

57 a 4  2a2 405 392 .4m lea -14s 
. . . . . . . . . -. - . . . . . .. ..~ ~. . . . - . . . . - . . . . .. .. . 

. "  

.. . 
. .  

. " 

.. " " 
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TABLE 11. - C o n c l u d e U .  PERFORHANCE DATA OBTAINED AFTER WOINE OVERHAUL HITH COLD INLET-AIR TEMPBRATUFtES 

I - 
58.8 
50.7 

5 7 3  
39.a 
50.a 

68.5 
64.8 
51.8 
s6.4 
47.1 

24.8 
"2 
s8.8 
Ea.7 
37.5 

8C.L 
35.8 
ss.6 
33.0 
29 .a 

22.9 
14.0 

pa.* 2s.2 

m.3 
20.7 
20.3 
18.3 
15.7 

8.B 

17.1 
18.J 
lS.1 
15.8 
14.9 
l2.5 
s.7 - 

ul.l 
149.8 
148.4 

147.4 
160.4 

149.1 
143.3 
14&6 
140.1 
1Ze.S 

lbo.8 
66.4 

14Y.8 
147.9 
147.1 

142.0 
149.5 
148.9 
1JY.7 
lm.5 

s . 0  

149.4 
116.6 

1ss.J 
141.4 

14a.I 
141.7 

110.3 
m . 7  

80.8 

140.4 
1s.. 
152.8 
140.9 
lSS.4 
lm.4  
49.9 - 

8.&0 
a24B 
7.926 

7.680 
" 

" 

1.i77 

6 . U O  
7" 

6.W 

2.- 
6.862 
8.516 
e.570 
1.m 

7.401 
7.998 

7.- 
7.- 

5.526 

2.252 
I.687 e . m  
7.711 
7.131 

1.m 
7- 

5.238 
?.US6 

7.991 

7"8 

7.103 
7.584 

6 2 0 t  
2.639 

7-171 

7.118 

- 

9 -E& 
9.x) 
9.17 

0.88 
9.18 

a.66 
7.87 
8.10 

0.44 
7.12 

2-16 

5.98 
6.16 

5.20 
5.67 

4.57 
6-48 
3 3  
4.70 
3.46 

1.22 
5.75 
3 s  
3.29 
2.88 

1.45 
5 2 l  
2.85 
1 .as .us 
2.73 
2-34 

2.68 
2.26 

.n 

a.19 

a . u  
- 
st 

42.9 
43.0 
42.6 

42.6 
"" 

42.3 
42.8 

42.9 
12.5 

40-b 
41.9 
42.5 

42.2 
41.0 

41 d 
41.5 

41.5 
42.2 
4P.4 

4L.S 
41.3 
43.5 
4L.9 
42.1 

40.7 
40.5 
40.4 
W.9 
3s .? 

43.6 
42.0 
43.0 
42.4 
41.0 
40.9 
y1.2 

" 

- 

0.9m 6-44 
- 9 8 1  c.m 

1.oLs "" 

A81 6.19 

.sn 0" 

1 . m  "" 

1.009 5.43 
-995 6.28 

.am 4.69 

.n1 5.87 

-914 1.n 
.m 4 . m  .on 4" 
-872 4.12 .B(u 5.64 

.8u 3.19 

.Y5 J.70 

.E4 5.89 

.FA 5 . a  
-960 2.51 

.aIn .sa 
-99 2.69 
-951 1.59 
" 7  2.170 
-937 1.94 

.907 2.66 

.sll 2.40 .om 2-11 .ma 1.42 
-718 1.W 

0.751 
-740 
.76l 

-785 
I-" 

"_ 
all 
.7a9 
al5 .as4 
.E71 

-7w 
.)OB 
-738 
.7M 

aa 
.?no 
.77G 

-ma 
.al? 
.5BB 
-7oa 
.TU 
-749 
-7- 

-711 
-181 
S r C  
-By 
.m 

2A?7 11 
I.91b 12 
Q.910  13 
3.- 14 
2.t40 l5 

a.% 18 
2.9m 17 
2.92a la 
?.e59 19 
2.- 20 

2.- 21 
2.910 P 
Q.418 ?3 
2.- 24 
2.939 25 

L 

I 40.6 
41.S 
U.9 
40.2 
4Q.6 

41.1 

4J.6 
41 -8 
" 

40.8 
40.3 
40.3 
38.6 

5.124 30 
3.150 z¶ 
3.4a8 40 

5.017 42 
5 . M  41 .ea2 

----- I I7 
3.108 48 
3.M6 48 
5 . 0 9  HI 
3.9sa 1 SI 
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primary exhaust-gas cooler7 

Exhaust  section 

R e a r  bulkhead 

E x b a u B t - e j a E  co l lec tor  

Float ing  test  bed 

Front bulkhead 

Air-atralghtening vaneti 

I 
Figure 1. - Schematic diagram of altitude t e s t  chamber. 
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Figure' 2. - Installation o f  YJ73-a-3 turbojet engine in  altitude test chamber. 
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(a) Compressor rotor. 

Bigure 4. - Canlpanents of YJ73-m-3 engine. 

I 
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4 

(b) Combustor liner and transi t ion section. 

Figure 4. - Continued. Component-s of YJ73-(32-3 engine. 



L t 

. .  , . . . . . . . . . . 

CV-5 baok’ 3167 . . 

I 
( c )  Turbine ro tor .  

Figure 4 .  - Concluded. Components of YJ‘73-a-3 engine. 

. . . . . . . . . 
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0 .4 .a 1.2 1.6 2.0 
Flight Mach number, MO 

Figure 5. - Variation of Reynolds number index with  altitude and 
flight Mach number st standard NACA conditions. " - -  ".. - 
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I c 

. . . . . .. ... 

1 * 

Corrected air flow, Wa,141/81, lb/aec 

(a) Inlet guide vane8 closed; Reynolds number index, 0.96. 

Figure 6.  - Colqpressor performance maps. 
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1.02 

.98 

.94 

(33 

0 
'? 

n 

1.04 

1 .oo 

.96 0 .2 .4 .6 .8 1 .o 
Campressor Reynolds number index, 61/~1al  

Figure .7. - E f f e c t  of compressor Reynolds number index an . .. - 

compressor efficiency and corrected air flow. Inlet 
guide vanes open. Applicable at all compressor pressure 
ratios a t  corrected  engine  speeds of 6800 rpm and abwe. 

." 

" 
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-re 8 .  - me& of inlet-guide-vans positicm 011 comgrrssar pressure 
r a t i o ,  efficiency, and corrected aFr floa for rated exhanst-nrnzle 
sraa. Reynolds m e r  index, 0.96. 
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(b) RryDdds number index, 0.12. 

Figure 9. - Cmaluded. Ccrmpreesor performanae map shwlng lines of a'olletmt c m e a t e d  m i n e -  
Inlet temperature. Inlet guide vanes qen. 

. .- .. .. . . 
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0 30 60 90 120 150 180 210 
Canbustim parameter, WB,l T,, (lb)(%)/sec 

Figure 10. - Variation 3f combustion efficiency with combustion parametere. 
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.08 

2 > 
n” 
qm .07 
v - 
0 
rl 

f 
k 
m .06 
m 
0 
rl 

QI 
k s 
tt .05 
m 
0 

3 
-P 

c, 
a 

8 .  
% g 
u 

.03 
1.0 1.2 1.4 1.6  1.8 2.0  2.2 

Cmbustor temperature r a t i o ,  T5/T3 

Figure ll. - Variation of CcadbUEtOr total-pressure l o s s  ratio with com- 
bus tor  temperature r a t i o .  
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Figure 13. - Turbine  performance map. Compressor 
Reynolds number indices  of 0.96 and 0.88. Tur- 
bine Reynolds number indices   var ied as shown i n  
table I. 
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Fi@me 14. - Effect of turbine Regnolda number index on turbine efficiency and corrected turbine 
gfM flow. 
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L O 3  
Alti tude,  f t  

Figure 15. - Variation of canpressor, conibuator, and tu rb ine   e f f ic iency  
and corrected air f l o w  w l t h   a l t i t u d e  at rated engine  conditions. 
F l igh t  Mach number, 0.8. 
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